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INTRODUCTION 
Since  infection  of a  leaf with  tobacco mosaic virus  (TMV)  results  in  the 
synthesis of at least one specific new protein, the virus itself, it is of interest 
to know what changes in free amino acid content occur in the leaf during this 
process. Such information is essential to an understanding of the path of virus 
synthesis and of the effects of infection on the metabolism of the host. 
We have shown  (1)  that TMV synthesis is accompanied by characteristic 
changes in  the  concentration of ammonia, amide,  and  total amino nitrogen. 
The present paper is  an  extension  of  these  investigations  and  describes  the 
effect of virus formation on  the  concentrations  of the  individual  free amino 
acids and  amides of the  tobacco leaf. 
Material  and Methods 
Plants used in this work were from a  selfed strain of Nicotiana tabacura (variety 
White Burley). They were grown in the greenhouse in large fiats with optimum nitro- 
gen supply, attaining the size of field-grown plants when mature. Nearly mature leaves 
were removed from the plants and split into halves along the midrib. One  half-leaf 
was inoculated with a  type strain of tobacco mosaic virus (200 micrograms per hal. 
in pH 7.0 phosphate buffer) while the other half, which served as control, was inocu- 
lated with pure phosphate buffer. The half-leaves were placed in separate moist boxes 
at 23°C. and 100 foot-candies of fluorescent  illumination overnight. Discs were then 
punched from each half-leaf and made up into a series of samples of equivalent nitrogen 
content according to the method previously described  (1). Each sample consisted  of 
15 discs  of original  wet weight of approximately 350 nag. The discs were placed in 
large  Petri  dishes  under sterile  conditions  and floated on either 30 hal. of distilled 
water or the same amount of half-strength Vickery's solution (2). Culture dishes were 
maintained at 23  ° and  100 foot-candles of continuous illumination.  Periodically,  a 
sample was removed from the infected and uninfected  series and weighed. The punches 
* This work was supported by a grant from the American Cancer Society, recom- 
mended by the Committee on Growth. 
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were stacked and a 40 mg. sector cut out for virus analysis according to the method 
previously described (3).  The remainder of the sample was homogenized in ice cold 
70 per cent ethanol and stored overnight in the cold. The supernatant was then re- 
moved by centrifugation with washing and evaporated to dryness at room tempera- 
ture. The residue was taken up in 1 ml. of distilled  water and spotted onto large sheets 
of Whatman No. 1 filter paper. 
Amino acid separation was obtained by two dimensional partition chromotography 
with phenol and  collidine-lutidine.  The sheets were dried at room temperature  be- 
tween solvents. The sheets were finally dried at room temperature and sprayed with a 
0.1  per cent solution of ninhydrin in butanol. They were kept in the dark at room 
temperature for 24 hours during which time most of the ninhydrin color developed. 
The sheet was then sprayed a second time with ninhydrin solution and again allowed 
to dry in the dark at room temperature for 24 hours. The colored spots were then 
identified by comparison with standard chromatograms. Each spot was cut out and 
the ninhydrin color eluted in 2.5, 5, or 10 ml. of distilled  water. The optical density 
of the solution was measured at 570 m# and in the case of proline and arginine also 
at 450 m#. 
In order to estimate the amounts of the amino acids present in the chromatograms, 
calibration  series for mixtures of known amounts of the amino acids occurring in the 
leaf extract were carried out. Mixtures containing 0.05 to 0.5 micromole of the amino 
acids detected in the leaf were spotted on sheets and chromatogramed in a  manner 
identical with that used in the experimental analysis. Spots were eluted as described 
above and the optical density of the solutions determined.  When these values were 
plotted against the amount of amino acid present in the original solution, approxi- 
mately linear relationships were obtained. Two separate calibration curves gave es- 
sentially similar results. These data were used to evaluate the optical densities of the 
amino acid spots obtained from the experimental runs. 
Table I  shows the accuracy of the method in terms of the average deviation 
of the values obtained in the calibration curves from the mean extinction per 
micromole of each amino acid. Except for leucine and proline the analyses were 
accurate  to 4-13 per cent. 
EXPERIMENTAL 
As a preliminary step,  the free amino acid content of single leaves from six 
normal plants of the same age was analyzed. The results,  summarized in Table 
II,  showed  that  significant  concentrations  of  two  amides  (glutamine  and 
asparagine) and eight amino acids (aspartic and glutamic acids, alanine, serine, 
threonine, ~/-aminobutyric acid, valine, and proline) occurred uniformly in these 
leaves.  Traces of leucine,  lysine,  and arginine  occurred  less  regularly.  These 
results  are  consistent  with  the  qualitative  analyses reported by Roberts  and 
Wood (4). 
The variations from plant to plant  shown in Table II indicate  the difficul- 
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TABLE I 
Accuracy of Analyses 
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Substance 
Ale.nine 
Asparagine 
Aspartic add 
v-Aminobutyric  acid 
Glutamic acid 
Glutamlne 
Leucine 
Proline 
Serine 
Threonine 
Valine 
Mean  optical 
density per 
(in 5  ml.) 
at  570  m~ 
1.353 
0.313 
0.948 
0.913 
1.615 
0.834 
0.849 
0.117 
1.162 
O. 788 
1.478 
Average deviation 
Ol ]Rle~n 
-4-0.181 
±0.031 
=t=0.125 
-+-0.094 
-t-0.152 
4-0.059 
~=0.209 
±0.020 
~0.154 
±0.060 
4-0.055 
Avers]re deviation 
oI mean 
p~' f~nt 
13.4 
9.9 
13.2 
10.3 
9.4 
7.1 
24.6 
17.1 
13.3 
7.6 
3.7 
TABLE II 
Free Amluo Add and Amide Content of Single Lea~es  from Six Tobacco Plants 
Concentration 
~1~/10o rag. leaf (wet weight) 
Substance  Plant  No. 
2  3  4  $  6 
Alanine 
Arginine 
Aspartic acid 
~,-Aminobutyric 
acid 
Glutamic acid 
Leucine 
Lysine 
Prollne 
Serine 
Threonlne 
VaRne 
Asparagine 
Glutamlne 
1 
0.05 
0.11 
0.06 
0.11 
0.08 
0.04 
0.06 
0.02 
0.06 
0.02 
0.11 
0.05 
0.  I0 
0.08 
0.02 
0.02 
Trace 
0.04 
0.07 
0.02  0.02 
Trace*  N 
0.14  0.13 
0.05  0.03 
0.12 
Trace 
Trace 
0.08 
0.05 
0.06 
0.02 
0.05 
0.02 
0.02 
Trace 
0.16 
0.04 
0.13 
Trace 
0.09 
0.06 
0.08 
0.02 
0.07 
0.04 
0.09 
Trace 
0.08 
0.04 
0.03 
0.06 
0.04 
0.52 
0.04 
Trace 
0.16 
0.05 
0.Ii 
0.01 
Trace 
0.19 
0.09 
0.07 
0.02 
0.07 
0.05 
Total  ............  0.59  0.49  0.60  0.71  0.86 
*  Trace signifies  less  than 0.01  ~  detected. 
and virus-infected  plants. It was on the basis of this observation that the hatf- 
lea~ technique described above was adopted to study the effect of virus infec- 
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Investigations on the changes in free amino acid and amide content of leaf 
discs during TMV formation were carried out under two experimental condi- 
~.o.21_,  ........  ......  ,,,,  ,-..j 
I  i  i  I 
i  I  I  i  I  "'  I  I"  i  i  w  I  t  i  ,  I  t  I 
~0  i  ~  ~,,  I,  J  ,  ~  I  T 
....  '"'"'"-  -0-  '- ....  ',I  " 
Q 
I  I  I  I  I  I  I  I  I  I  t  t  I  I  I  I  .  .  • 
0_211"1  i  I  i  I  t  i  I  I  J  I  I  I  i  I  I  I  i 
1 
U=I.II  ~/  fit  ,'~  I  Y  i  J  i~r-'-4  I  ,-  i  I  alOrllnl~l  i 
0  [  I  I  T  i  i  t  ,  ,  !  '  l  i  ~  i  J  I  t  i"I  ,''i 
u  2I-  .~'-,¢-~..._,~/- ....  -o  ~-~-  -1 
,(,,,,  ,,,  : :  :,  :,,,1 
_o ok ~-:--,~'-r'f'7"7"7"7"7"7"7"7"~.  ~  ,-.,Sreo"r.~,-~ 
I"="  I  i  ,  t  t  I  i  tlLl~  I  t  I  i  i  I  I  i  i  --t 
Ol  I  I  I  1  I  I  I  I  t  I  I  I  I  I  I  I  I  I  I  I 
z 
/ 
U  oL  t~..4~-#~----=-O- ....  0------~  -  "  ~"  1  -J 
•  ~"  I  t  I  I  I  I  I  I  I  I  I  I  i  i  I  'yrosine 
3r  '  I  ]  I  I  I  I  '  I  [  I  t  [  I  I  I  I  I  I  i  I  i  / 
2t  ..... o 
z°o   [  i  I  I  L  I  ]  I  I  I  I  I  l  t  I  l  I  I  I  I 
0  l O0  200  300  400 
HOURS  AFTER  INOCULATION 
!FIG. 1.~Concentrations  of free amino acids during TMV formation in tobacco leaf 
discs  cultured  in distilled  water.  Solid lines,  closed  circles:  discs from infected leaf 
half.  Broken lines,  open circles: discs from uninfected half of same leaf.  Uppermost 
curve represents virus content of infected discs. 
dons: (1) discs cultured in distilled water and (2) discs cultured in half-strength 
Vickery's nutrient solution. The results obtained from the water-cultured discs 
are described in Figs. 1 through 4; results from discs cultured in nutrient solu- 
tion are described in Figs. 5 through 8. BARRY  COMMONER  AND  VARDA  NEHARI  795 
A. Leaf Disc Cultured in Distilled Water 
1.  General Trends.--In general, amino acid concentrations increased during 
the culture period. All but two amino acids showed a  significant rise in con- 
centration within a hundred hours after the start of the experiment. Threonine 
concentration (in the healthy series) fell at first, then rose sharply at 190 hours 
after inoculation. The concentration of aspartic acid fell at the start and then 
rose slowly. 
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Fro. 2.  Concentrations of free amides and of total free amino acid from experiment 
described  in Fig.  1. Solid lines, dosed cirdes:  discs from infected leaf half.  Broken 
lines, open cirdes: discs from uninfected half of same leaf. Uppermost curve represents 
virus content of infected discs. 
Superimposed on this general trend, a number of specific amino acids showed 
sharp maxima and minima in concentration; these were more pronounced in 
healthy  discs  then  in  virus-infected discs.  That  these  fluctuations  are  real 
rather than a result of random sample variations is shown by the fact that the 
curves for healthy and infected discs agreed closely for certain amino acids at 
given periods of time. This is evident in the case of valine (at 24 to 95 hours 
and 265 to 355 hours); threonine (at 120 to 265 hours); tryptophane (at 24 to 
215 hours); leucine (at 24 to 120 hours); alanine (at 24 to 70 hours); aspartic 
acid (215 to 355 hours). 
The time courses for various amino acids differed considerably. However, 
one characteristic common to all amino acids  except tyrosine and 7-amino- 
butyric acid was observed in the healthy series: a  minimum in concentration ~  .1~-  troy 
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FzG. 3.  Free amino acid concentrations  in infected discs minus concurrent concen- 
trations  in  uninfected  discs;  di~erences  calculated  from data  of  Fig.  I.  Uppermost 
curve represents virus content of infected discs. 
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occurred at 216 hours. We have previously observed similar fluctuations in the 
total nitrogen content of cultured leaf discs (5). No comparable common tend- 
ency occurred in infected discs; in these discs only threonine and aspartic acid 
showed the concentration minimum at 216 hours. 
A general increase in amide concentration occurred  during the  culture pe- 
riod. Glutamine fell for a short time after the start of the culture period, then 
rose sharply. Asparagine rose continually at a rate generally lower than that of 
the glutamine. On the whole, the glutamine concentration was about twice that 
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Fzo. 4. Free amide and total free amino acid concentrations in infected discs minus 
concurrent concentrations in uninfected discs; differences calculated from data of Fig. 
2. Uppermost curve represents virus content of infected discs. 
d  asparagine. In uninfected discs, both asparagine and glutamlne showed the 
minimum at 216 hours which occurred in the amino acids noted above. Glu- 
tamine concentration was also at a minimum at 120 hours. 
2. Tke E~ect of Virus Infection.--The  influence of inoculation with TMV 
can best be seen by examination of the changes, with time, in the difference in 
concentration of each component in the uninfected and infected discs. This 
comparison is a  valid one since the discs are obtained from opposite sides of 
the same leaf and differed only in that one series had been infected with TMV. 
Figs. 3 and 4 illustrate the change with time in these differences. 
It is apparent that certain characteristic differences between infected and 798  TOBACCO MOSAIC VIRUS SYNTHESIS AND HOST 
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FIG. 5.~Coneent~ations d  free  amino adds during Thin forr~fion in tobacco 
leaf  discs  cultured  Jn nutrient  solution,  Solid  lines,  dosed clrdes:  discs  from infected 
leaf  half.  Broken lines,  open circles:  discs  from  uninfected  half  of  same  leaf.  Uppermost 
curve represents  virus  content of infected  discs. 
uninfected material occurred and that these are signLficanfly related to the 
time course of ~s  formado~ In six of the thirteen comp~nen~ studied (as- 
partic acid, glutamic acid,  serine,  threonine, protine,  and glutamine) a  de- 
ficiency in concentration in the ir~ected tissue as compared with the control 
occurred at 160 to 190 hours after  inoculation,  This was the time of  most rapid BARRy  COMMONER  AND  VARDA  NEHARI  799 
virus synthesis. Of this group, four components (aspartic acid, glutamic acid, 
proline, and possibly glutamine)  also showed a  deficiency at about  70 hours 
after inoculation. 
Excesses of two amino acids, alanine and ~'-aminobutyric acid, were found in 
the infected series as compared with the control. In the case of leucine, a de- 
ficiency occurred at  160 hours and an excess at 216 hours after inoculation. 
Tyrosine developed slight excesses in the infected discs at 120 and 190 hours 
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FIO. 6.  Concentrations of free amides and of total free amino acid from experiment 
described  in Fig.  5. Solid lines, dosed circles: discs from infected leaf half. Broken 
lines, open circles: discs from uninfected half of same leaf. Uppermost curve represents 
virus content of infected discs. 
after inoculation. The concentrations of valine and  tryptophane showed no 
significant differences resulting from TMV infection. 
The behavior of asparagine was unique. The asparagine content of the in- 
fected and uninfected discs was identical except during the period 24 to 190 
hours after inoculation, when a significant deficiency in the infected tissue oc- 
curred. 
B. Discs Cultured i~ Nutrient Solution 
1.  General Trends.--The amino  acids  and  amides  detected were identical 
with  those found in  water-cultured  discs  except that  tryptophane failed to 800  TOBACCO  MOSAIC  VIRUS  SYNTHESIS  AND  HOST 
appear.  With one exception all components increased in concentration during 
the culture period. Aspartic acid, the single exception to this rule, fell to one- 
third of its original concentration during the 265  hour  experimental period. 
In most cases the rise in concentration occurred within a short time after inocu- 
lation; however, proline, tyrosine, and leucine did not increase until 120 hours 
after inoculation. 
Fluctuations within the general trend were again noted. In a  number  of in- 
stances the changes were parallel in both infected  and uninfected discs. (See 
curves for ~/-aminobutyric acid, alanine, valine, and glutamic acid in  Fig. 5.) 
Common tendencies were observed for certain of the components  in the un- 
infected series.  Five amino acids  (valine, threonine, glutamic  acid, w-amino- 
butyric acid, and aspartic acid)  showed a  maximum in concentration at 95 
hours, which fell to a minimum at 120 hours. This effect was slight but prob- 
ably significant in the cases of ~-aminobutyric and aspartic  adds. A  second 
common characteristic of both uninfected and infected discs was the similar 
curves for proline,  tyrosine, and leucine. 
Both  asparagine and  glutamine rose  in concentration during the  time of 
the experiment. As in the water-cultured discs the rise in glutamine content 
was sharp and showed significant maxima; in contrast the asparagine curve 
was more gradual with a  delayed rise in concentration. The glutamine curve 
was characterized by maxima at 95 and 215 hours; these appeared only in un- 
infected tissue. Asparagine showed a  single maximum at 215  hours; this too 
was apparent only in the uninfected discs. 
2. The lgffect of Virus Infection.--Figs.  7 and 8 illustrate the concentration 
differences between infected and uninfected discs. As in the previous experi- 
ment characteristic deficiencies in the virus-infected series occurred at the time 
of maximum rate of virus synthesis (about 216 hours after inoculation), and 
at about 95 hours after inoculation. Six components (glutamic acid, aspartic 
acid, glutamine, serine,  threonine,  and possibly alanine)  showed deficiencies 
in concentration in the infected series as compared with the control at 95 and 
216 hours after inoculation. One component, "y-aminobutyric acid, showed a 
deficiency only at  216  hours.  Valine showed a  deficiency only at 95  hours. 
No significant differences resulting from infection were found in the concentra- 
tions of leucine, tyrosine, and proline (with the exception of a possibly signifi- 
cant excess of the latter at 95 hours). With the exception of alanine and aspar- 
tic acid all the significant differences between healthy and infected discs are 
negative, that is, deficiencies occurred in the infected series. In contrast, alanine 
and aspartic acid developed excesses  in the infected series. 
While glutamine showed differences which placed it in the group of compo- 
nents responsive to rapid virus formation, the behavior of asparagine was dis- 
tinctive. The  asparagine  content of  the  infected series  showed a  deficiency BARRY  COUlur0NgR  AND  VARDA  ~,TEHARI  801 
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FIG. 7.  Free amino acid concentrations in infected discs minus concurrent concen- 
tra.tions  in  uninfected  discs; di~erences  calct~ted  from  data  of Fig.  $.  Uppermost 
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which developed gradually from 70 hours to a  minimum at 216 hours, there- 
after rising to zero. 
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DISCUSSION 
It is apparent that the observed deficiencies in total amino acid and amide 
nitrogen in infected tissue are associated with TMV synthesis. The major de- 
ficiency coincides in time with the period of virus synthesis; nutrient-cultured 
discs,  which  synthesize more  TMV  than water-cultured  discs,  develop  the 
larger deficiency. These observations are consistent with those previously re- 
ported (1)  and suggest that virus formation exerts a  drain on certain com- 
ponents of the non-protein nitrogen pool. The most obvious explanation of this 
effect is that nitrogen withdrawn from the pool is irreversibly synthesized into 
virus protein. 
In this light it would be expected that the deficiencies  which occur in in- 
fected tissue shortly before the period of most rapid virus formation reflect 
the synthesis, de noro,  of non-virus protein associated with TMV synthesis. 
We have in fact found that rapid incorporation of non-protein N z~ into a buf- 
fer-insoluble protein occurs in infected tissue previous to the appearance of 
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The major  amino  compounds  leaving  the non-protein  nitrogen pool dur- 
ing  virus synthesis are  asparagine,  glutamine,  aspartic  and  glutamic  acids, 
and serine.  Smaller effects on the concentrations of valine,  threonine, and pro- 
line are observed. In addition to these components, ammonia is also withdrawn 
from the pool at this time (1). The concentrations of each of these components 
are interconnected by transamination,  reversible deamination of aspartic and 
glutamic  acids,  and  reversible  deamidization  of  asparagine  and  glutamine. 
Hence,  if only one component were withdrawn  by incorporation  into TMV 
protein,  concurrent  reductions in  the concentrations  of the remaining  com- 
ponents would follow. 
The  identification  of  the  component(s)  specifically  withdrawn  by TMV 
synthesis is of obvious interest. Despite the difficulties engendered by the mul- 
tiplicity of reactions between the components for which deficiencies have been 
observed, certain  conclusions  can  be reached by considering  the effects an- 
ticipated from the known composition of TMV protein. 
As shown in Table III,  there is no evidence that the amino acids withdrawn 
from the pool during TMV synthesis reflect the composition of TMV protein. 
Hence, the data do not support the hypothesis that TMV protein is synthesized 
at the expense of the requisite free amino acids. By the same token, the large 
amide deficiencies  also do not result from the primary  withdrawal  of these 
components from the pool. Glutamine is absent from TMV protein,  and al- 
though -qmall amounts of asparagine have been detected in the virus (6),  the 
amounts withdrawn are disproportionately large.  It is likely,  therefore, that 
the deficiencies in amides and certain amino acids are secondary effects. 
It has been observed previously that ammonia comprises  the major nitrog- 
enous  component  withdrawn  by TMV formation (1).  Subsequent  investiga- 
tions with Nit-labelled ammonia (5) have confirmed  this suggestion  and have 
also shown that free amide and amino nitrogen are not directly incorporated 
into TMV protein. It can be concluded,  therefore,  that the observed deficien- 
cies in amino acids are probably induced by the primary withdrawal of am- 
monia. 
The changes  in amide and amino acid concentrations associated with TMV 
synthesis may be related to the striking effects of infection on leaf develop- 
ment. In a series of investigations on the biochemical  effects of trace element 
deficiencies on tobacco plants, Steinberg (7) found that leaf abnormalities such 
as the "frenching" disease result from the accumulation of excesses of certain 
free amino acids induced by the mineral  environment. He has also shown (8) 
that  the addition of small  excesses of various amino acids to tobacco plants 
grown in sterile culture induces leaf malformations which resemble both those 
of the frenching  disease and of tobacco mosaic virus. 
These observations suggest that changes in the concentration balance of the 
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velopment which lead to the mosaic symptom characteristic  of leaves system- 
ically infected with TMV. It is clear from the results obtained with cultured 
leaf discs,  that TMV synthesis does induce transitory changes in free  amino 
acid balance.  Similar differences may accompany TMV formation in attached 
leaves  and  cause  the  malformations characteristic  of the  disease.  Since  the 
morphological effects of infection occur very early in leaf development and since 
TABLE Ill 
Comparison of the Amino Acid ComposiJion of TMV ud~h the l~ffe~t of Virus S~t~hesis on Free 
Amino Acid  Concs~a¢i~ 
Amino acid  Virus nitrogen* 
(type TMV strain) 
per cent 
Concentration difference  at time of maximum 
rate of TMV synthesis: 
#~4100 rag. in uninfected discs -- ~t/100 rag. in 
infected discs 
Nutrient  culture 
(at 216 hrs. after 
inocuIatlon) 
Water culture 
(at 160 hrs. after 
inoculation) 
Aspartic acid 
Glutamic acid 
Threonine 
Arginine 
Leuclne 
Isoleucine 
Valine 
Phenylalanine 
Serlne 
ProIine 
Alanine 
Tyrosine 
Tryptophane 
Glycine 
Lyslne 
Cysteine 
~,-Aminobutyrlc  acid 
13.5 
II.3 
9.9 
9.8 
9.3 
6.6 
9.2 
8.4 
7.2 
5.8 
5.1 
3.8 
2.1 
1.9 
1.5 
0.5 
0 
-o.o6s~ 
-o.osot 
- o. 18o~ 
Absent 
0 
Absent 
-O.OlOil 
Absent 
-oA4o~ 
0 
-o.otoll 
-o.ololl 
Absent 
Absent 
Absent 
Absent 
-o.osot 
-0.09S~ 
-0A62t 
0 
Absent 
-o.o3o§ 
Absent 
-o.o2s~ 
Absent 
-o.o6st 
-o.o3st 
+o.oso~: 
-o.omll 
+o.oto[I 
Absent 
Absent 
Absent 
+0.125~ 
* From Knight (9). 
~: Difference significant. 
§ Difference probably significant. 
II Difference not significant. 
the major influence  of TMV formation on the free amino acids is transitory, 
the determinative  effect of the infection is probably limited  to a  relatively 
short period during the formation of the leaf. 
SUMMARY 
1.  Changes in concentrations  of free amino acids and amides have been de- 
termined  in  TMV-infected  tobacco  leaf  discs  and  in  comparable  uninfected 
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2. During the period of  rapid virus  formation the infected  discs  show a tran- 
sitory deficiency (as compared to uninfected discs) in glutamlne, asparagine, 
aspartic acid, glutamic acid, serine, and to a lesser extent in valine, threonine, 
and proline.  About 100 hours before this time smaller deficiencies in the con- 
centrations of these components also occur. The latter effect is probably asso- 
ciated with the early synthesis of a non-virus protein in infected tissue. 
3. Comparison of the above effects with the known amino acid composition 
of TMV indicates that it is unlikely that the virus protein is synthesized by 
condensation of appropriate  free amino acids.  Rather,  the deficiencies ob- 
served appear to result from removal of ~mmonia from the nitrogen pool dur- 
ing synthesis of new proteins in infected tissue.  Equilibrium shifts resulting 
from ammonia withdrawal probably account for the observed deficiencies in 
amides and free amino acids.  TMV protein,  therefore, appears to be synthe- 
sized de no~o, from non-protein nitrogen, probably ammonia. 
4. It is suggested that the changes in free amino acid concentrations induced 
by virus formation may account for some of the symptoms observed in in- 
fected plants. 
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